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@ Silane microemuisions. 

@ Clear stable micellar solutions comprising: 
(a) a silane represented by the formulae : 

i) X 4 -nSi(RNH a R'bYc)n 

where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyalkoxy radical with 2 
to 8 carbon atoms, or an alkyl radical with 1 to 6 
carbon atoms; 

Y denotes an acid anion; 

nis 1,2or3; 

R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms; 

R' denotes aikyl radicals with 1 to 22 carbon 
atoms; saturated hydrocarbon radicals contain- 
ing nitrogen, or unsaturated hydrocarbon radi- 
cals containing nitrogen; 

a is 0. 1 or 2; 

bisO, 1,2, or 3; 

c is 0 or 1 ; the sum of a + b is 2 or 3 and when 
the sum of a and b is 3, c is 1 , otherwise c is 0: 

ii) X 4 .nSi{RPR" 3 Y)n 

where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyalkoxy radical with 2 
to 8 carbon atoms, or an alkyl radical with 1 to 6 
carbon atoms, R denotes a divalent hydrocarbon 



radical with 1 to 6 carbon atoms, R" denotes an 
alkyl radical with 1 to 20 carbon atoms, or a 
phenyl radical, and n is 1 , 2, or 3; or 
iii) X 3 SiR w 

where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyalkoxy radical with 2 
to 8 carbon atoms, or an alkyl radical with 1 to 6 
carbon atoms and H m denotes an alkyl radical 
with 1 to 6 carbon atoms or a phenyl radical; and 
(b) a cosurfactant with an H LB of at least 1 . 
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SILANE MfCROEMULSIONS 

soIL?^ and c,ar ,i q uid crystalline 

solutions are effective' delivery sy^r TlZt ISSS^ ^ ™ rM ™ 5 and 

continuous water phase In Sate ^ n nil tvl ^ P f** ' S com P nsed of *°Ptets of oil suspended in a 

enHWflermolec^^ ""f ,n combination with an emulsifier. The 

the continuous phase sS£So^SS?.S I- S ° "Vu SXp ° Se ° ne portion of the molecu 'e to 
other emulsifier molecule Fo ? KS^^o« P Tr m ° IeCU ' e t0Wards similar Prions of 
hydrophillic portions towards the ^£S^^^^^ Sm9mU ^ erm ^ 6svmorteni ^ 
interior of the emulsifier micele C ° nt ' nU ° US Wat6r phase ' and or,ent tne <r hydrophobic portions towards the 

in a less viscous ^^XS^^^T"' ° microemulsions deliver the wax 

deliver flavor to soft drinks In bS ™ P th PUre W3X ' M,croe ™'sions of flavor oils are used to 

substrate. C^lefcr Jct^TZ^Z^f I^T^ " t0 0 " to a 

pulsions. Por instance, missions Ltd 23* o°i a^rfSy SffiT fubricanS 

percent silses q uio X ane, iSe sils^ 

^SE^5S^£^ teaC T h h 6S 3 SP6Cial -''^cotposition which can be used to 

of polyetnylL ^^^S^S^^TZS^^ ™** 
ricinoleic; and amine Variation of thf Tl ' f . selected from oleic, linoleic, linolenic, and 

emulsions of poSLeSS^r^thpMhf ^ the " mitS ° f the inVention P roduces coarse 

do not include silanes '«ner man m.croemuls.ons thereof. Dumoulin's emulsifier 

compositions 

SO miSJZ^^^nSS doesTot teSS * "T! f ° r pr ° ducin 9 '™ solids c « oi.-in-water 
as effective emulsifiers for mSoemuSons " * COmbination with surfactants 
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U.S. Patent No. 4,620,878 issued to Gee teaches a method for making stable microemulsions of polar radical 
containing poiysiioxane oils. Gee teaches using organic emulsifiers in the claimed process. 

U.S. Patent No. 4,631 ,273 issued to Blehm et al. teaches using silanes as emulsifiers for stabilizing standard 
oil-in-water emulsions. The patent does not teach how to make microemulsions. 

The present invention relates to clear compositions comprised of: 

(a) a silane represented by the formulae: 

i) X4-nSi(RNH a R' b Yc)n 

where X denotes an aikoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms; 

V denotes an acid anion; 

nis 1,2or3; 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms: 

R' denotes alkyl radicals with 1 to 22 carbon atoms; saturated hydrocarbon radicals containing 
nitrogen, or unsaturated hydrocarbon radicals containing nitrogen; 
ais0,1or2; 
bisO,1,2,or3; 

cisOor 1;the sum ofa + b is 2 or 3 and when the sum of a + b is 3, c is 1, otherwise c is 0; 

ii) X4-nSi(RPR" 3 Y) n 

where X denotes an aikoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, 
and n is 1, 2, or 3; or 

iii) X 3 SiR"' 

where X denotes an aikoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R'" denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical; 

(b) a cosurfactant compound which has an HLB factor of at least 1, in sufficient quantity that when 
combined with said silane forms a clear mixture at room temperature which can be diluted with water to 
form a clear micellar solution. 

The invention also relates to micellar solutions, oil-in-water and water-in-oil microemulsions, and liquid 
crystalline solutions made using said clear mixtures. 

The present invention relates to novel clear mixtures comprised of a silane (a), and a cosurfactant (b). 
Optionally, the clear mixtures may further comprise a minor portion of water (c) to form clear and stable 
micellar solutions or liquid crystalline solutions. The clear mixtures of silane and cosurfactant can also be 
diluted with a major portion of water (d) to form clear, stable micellar solutions, or they can be mixed with a 
water immiscible oil (e) and then diluted with a minor portion of water to form water-in-oil microemulsions, or 
diluted with a major portion of water to form clear, stable oil-in-water microemulsions, 

Silanes which can be used in the present invention are widely varied in structure and include silanes 
represented by the formulae 
!)X4-nSi(RNH a R'bYc)n 

where X denotes an aikoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radicaJ with 2 to 8 carbon 
atoms, or an alkyl radical with 1 to 6 carbon atoms; 

Y denotes an acid anion; such as a chloride, bromide, iodide, sulfate, or phosphate with the 
monovalent halide anions being preferred; 

nis1,2or3; 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms; 

R' denotes alkyl radicals with 1 to 12 carbon atoms; saturated hydrocarbon radicals containing 
nitrogen, such as 

-CH 2 CH 2 NH 2 , 

-CH 2 CH 2 NHCH 3 ,or 

-CH 2 CH 2 N(CH 3 )2, 
or unsaturated hydrocarbon radicals containing nitrogen ; such as 

-Ch 2 CH 2 NHCH 2 C 6 H4CHCH 2 ; 

aisO, 1 or 2; 

bisO, 1,2, or3; 

c is 0 or 1 ; the sum of a + b is 2 or 3 and when the sum of a + b is 3, c is 1 , otherwise c is 0; 

ii) X4-nSi(RPR" 3 Y) n 

where X denotes an aikoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 carbon 
atoms, or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical with 1 to 6 
carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, and n is 1, 2, or 3; 
or 

iii) X 3 SiR"' 

where X denotes an aikoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 carbon 
atoms, or an alkyl radical with 1 to 6 carbon atoms and R w denotes an alkyl radical with 1 to 6 carbon 
atoms or a phenyl radical. 
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Specific silanes within the scope of the invention are represented by the formulae: 

(CHaOJsSKCHgJaN-fCHaJadsHazCi-, 
(CH 3 0)3Si(CH2)3N + (CH3)2Ci8H37Br- t 
5 (CH 3 0)3Si(CH 2 )3N-(CioH 21 )2CH 3 CI", 
(CH 3 0)3Si(CH 2 ) 3 N-(CioH 21 ) 2 CH3 Br", 
(CH 3 0)3S!(CH 2 ) 3 N + (CH3)3 Cl- 
(CH 3 0) 3 S(CH 3 , 
(CH 3 0)3SiCH 2 CH2CH3, 
10 (CH 3 0)3SiCH 2 CH 2 CH 2 CH 2 CH 2 CH3 
(CH 3 0)3SiC 6 H5 

(CH 3 0)3SiCH2CH 2 CH 2 P-(C6H 5 )3 CI", 

(CH30) 3 SiCH 2 CH 2 CH 2 P + (C6H 5 )3 Br", 

(CH 3 0) 3 SiCH 2 CH 2 CH2P + (CH3) 3 CI- 
15 (CH30) 3 SiCH 2 CH 2 CH2P^(C6H 13 )3CI- 

(CH 3 ) 3 Si(CH 2 ) 3 N + (CH 3 ) 2 Ci 2 H 25 CI - , 

(CH 3 )3Si(CH2)3N + (CioH2i) 2 CH 3 Cl" 

(CH 3 )3Si(CH 2 )3N + (CH3) 2 C 18 H37 Cl~,' 

(CH30)3Si(CH2) 3 N(CH 3 ) 2t 
20 (CH 3 0)3Si(CH 2 )3N(CH 2 CH3) 2 , 

(CH 3 0) 3 Si(CH 2 ) 3 N(CH 2 CH 2 CH3)2, 

(CH 3 0) 3 Si(CH 2 ) 4 N(CH 3 ) 2 , 

(CH 3 0)3SiCH 2 CH(CH3)CH 2 N(CH3) 2l and 
(CH 3 0)3Si(CH 2 ) 3 N(CH 2 ) 2 NHCH 2 C6H4CHCH 2 .HCI 

are unstable in that they will form s e n ara tp " , 37 ' e ' at,Va t0 ™^ 

invention, it is ^x^^S^S^J^T^ time u F ° f PUrP ° SeS ° f the Dresent 
Removing the lower alcohol frorr ?h SmeSS^TtK f S " aneS 33 startin9 materials - 

when moisture is present. Therefore ScessirZ tton t^T^ f hydr ° ,ySiS ° f the si,ane 

conditions as possible wSTS'SmV^a^^*^ . ™ fr ° m the Silane mixture under as dr V 
staining up to^weii^^^ as possible, silaneT 

present invention successfully to form the clear mixtures of the 

invention. Specifically, polyethylen glycof'etSln atrnl n 0 t °"- ,n - Water ™r°emulsions of the present 
ether of linear alcohols soS as Tb^'S^^^S^ Jeanne and a polyoxyethylene glycol 
desired liquids, solutions and microemulsions * ''^ Were US6d successful| y to produce the 

esters of C10 to C22 fatty acids havina un to no™„, , n atoms; Po'v 05 ^' ene sorbitol 

to C22 fatty acids; pS^SS^dSS^TSfT^ ^ e W*™ sorbitol esters of C10 

described in a nLwl^iKSSSE JShV * P n C " Ce ° ? fhe inVenti0n ' Such surfactants are 
EdiUon, 1975. MC **X*£S^^ 

which the mixture ^t^J^S^^S^ ** a " C °f ir ' ations is the ran 9 e 

or translucent mixture of silane and hSSSSSSSS, 4?" ?T UP ° n th ° r ° U9h miXing - 0nce a clear 

---arwater-in-onmice,^ 
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solution. 

Particular combinations of silane and cosurfactant which fall within the scope of the present invention 
include : 1 to 99 weight parts 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride and 1 to 99 
weight parts ethylene glycol; 1 to 99 weight parts 3-.(trimethoxysilyl)propyldimethyloctadecy( ammonium 
chloride and 1 to 99 weight parts propylene glycol; 1 to 99 weight parts 3-(trimethoxysilyl)propyldimethyloc- 
tadecyl ammonium chloride and 1 to 99 weight parts glycerol; 1 to 99 weight parts 3-(trimethoxysilyl)propyldi- 
methyloctadecyl ammonium chloride and 1 to 99 weight parts pentanol; and 1 to 99 weight parts 
3-(tnmethoxysilyl)propyldimethyioctadecyl ammonium chloride and 1 to 99 weight parts of a polyethylene 
glycol ether of linear alcohols sold as Tergitol® 15-S-3 by Union Carbide. 

The clear pourable liquids of the present invention can be diluted with water to form clear micellar solutions 
or they can be intermixed with a water immiscible oil and then diluted with water to form stable clear 
water-in-oil or oil-in-water type micellar solutions. 

In general, the clear micellar solutions are formed by mixing the silane with the cosurfactant Very often 
because of the high viscosity of either the silane or the cosurfactant, or both, one or both have to be heated to 
liquid form before being intermixed to form the clear mixture of the present invention. 

To form the clear micellar solutions of the present invention, between about 1 and 99 weight parts of the 
silane and about 1 to 99 weight parts of the cosurfactant are mixed together to form a clear pourable liquid or a 
clear microcrystalline mixture, Minor portions of water can be added to this mixture between 1 and 30 weight 
parts of water to 99 to 70 parts combined weight of silane and cosurfactant, to form clear micellar solutions 
These clear micellar solutions can then be diluted with a major portion of water to form a clear, stable micellar 
solution where the micelles comprised of the silane and cosurfactant associated together may be visible under 
a microscope. Typically, it requires at least an equal amount of water to the combined weight of the silane and 
the cosurfactant, or more, to form these clear stable oil-in-water type micellar solutions. Most preferably clear 
oil-in-water micellar solutions contain 5 weight percent or less silane compound, while on the other hand 
water-in-oil types contain 95 weight percent or more silane and cosurfactant. 

The clear mixtures comprised of the silane and cosurfactant described herein can also be used to form 
clear, stable oil-in-water microemulsions containing water immiscible oils and fluids. Typically, this may require 
dispersing a water immiscible oil or fluid in the silane and cosurfactant mixture and then dispersing said 
mixture in a major portion of water. However, the order of addition of the various components has not been 
found critical to the success of the formation of such microemulsions. 

For instance 40 weight parts of cyclopolydimethylsiloxane of the general formula 



tSi-O* 



n 



CH„ 



where n is 3,4,5,6, or 7, and mixtures, can be dispersed in a clear pourable liquid comprising 10 weight parts 
siiane of the general formula (CH 3 0)3Si(CH2)3N + (CH3)2Ci 8 H37C|- and 10 weight parts propylene glycol. The 
three component mixture can then be rapidly dispersed in 940 parts of water to form a clear, stable oil-in-water 
type microemulsion. 

The water immiscible oils and fluids within the scope of the present invention include: the aforementioned 
cyclopolysiloxanes; linear polydiorganosiloxanes of the general formula 



AfSi-O-r B 
i n\ 



R 



where R denotes an alkyl radical with 1 to 6 carbon atoms, or a phenyl radical, A denotes a hydroxyl radical or a 
tnmethylsilanol radical, B denotes a hydrogen atom or a trimethylsilyl radical, and m on the average between 1 
and 10,000: and other water immiscible hydrocarbons such as mineral oils, petroleum lights, petroleum crude 
oils, pitch, tar , copolymers, solvents, resins, waxes, waxy polymers, insecticides, flavor oils, perfume oils, and 
other oils used in cosmetics. 

In mixing the components of the invention, it should be noted that high shear may have to be applied to the 
mixtures to ensure codispersion. Thorough dispersion of the components can be achieved by any of the 
known methods used to emulsify mixtures including ultrasonic methods as well as other hiqh shear 
techniques. 

It is not clear to what degree the alkoxy functional silanes undergo ester exchange or hydrolysis in the clear 
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^^^^t^z^ VST* the silanes M m a 

silanes with alkoxy radicals, for instance) mrt^JTSSl I . Z P ° tM ^ ftmc *»nality (the 
presence of water in the mixtures which ^^^^.S^^^^^ S °' Uti0n d6Spite the 
siianes. For instance, the micellar solutions Zm «? thu 9 ° , 56 h y drolvt ' c condensation of the 
pyldimethyloctadecyl ammonium chtor^^ 

same effectiveness as state of the art methods em D lS mathol f f J** ,0 thS Same de 9 ree and with the 
Thus, the present invention proves a ^ 

While partial hydrolysis of the alkoxvraS^ svstem for silanes. 

the silanes do not condense to SSS2S^^jf" ""^ *" Vari ° US forms of the "on, 
bond to substrates. Because of tWs unexScS cheS ^ me t rSW , hlch are then rafale to substantivelly 
mixtures, etc. is that they are effects ZZ T^TSs^T^ ^ 3SpeCt of the 

into contact with a substrate the alko™ f, S or said s.lanes. When one or the mixtures, etc. is put 
substantive coatings on th7?urflce ?S sSsS * f ° f ° rm ^ h molecu,ar weight 

^^Ze7^^^^^^^2 delivers a silane to a surface without the 
silane delivered to the surface or "SSS can aTer th 5SS r lam ™ b,e t . s ° lvent «* as methanol. The 
surfaces can be rendered hydrophobic ^SSJlte iKnWnS ^ ara ^ nstlcs of tha * surface. For instance, 
invention. Y ropnoDIC ' "yarophill.c, lipophilic, or lipophobic using the mixtures of the present 

del^g^ include rendering surfaces antimicrobial, 

character to fibers or other subsSL nrovS ~» 9 ° ""^ * SUbstrates ' deliv e™9 antistatic 
or animals. Essentially an ^XSZ^S^T 00 ° r deliverin 9 ™ Ms ^ to plan s 
using the present invention. Y 09 3 SUDStrate With a Wrolyzable silane can be achieved 

t:zifoMrTr m ' sc>b>e oi,s and f,uids * «**— ■ ™~ * 

cosmetic formulations. ""™"°n °,,s ( wn,cn are useful in preventing stains), and oils used in 

^t-S^^^^^^ 'or forming antimicrobial coatings are those which 
tadecy. ammonium 3-(tri e thoxysilyl)pro P y,dimethyloc 
compounds. ^ernoxysiiyijpropyldidecylmethyl ammonium chloride, or similar silyl 

invention. or which illustrate the um^Tpret^^T * ""^ ° f CritiCal ' imitS ° f the 
EXAMPLE 1 

which operate in conjunction with a 
alone and in further comSnaE JvX water™ ***** * ^ Stab,e micellar M ™ both 
Part 1A 

f r/m C ;^ 
« -eX^ 

form the glycerol SS^^S^eJ^^ " tered Wa * and ^ *•« In order to 
be heated. Some of he mixtures n odS TS ^ ^ ammoraum chloride mixtures, the silane had to 
so The heated ^coJ^^^^^S^^ ***** Sco ^ ° f the invention. 
Possible. The characteristics of tS ^es^ nS^SJ^^^ {W0 C ° mp ™ 
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TABLE 1 



Wt. silane/wt. qlycerol 


Observation 


95/5 


clear 


90/10 


clear 


80/20 


clear 


70/30 


clear 


60/40 


clear 


50/50 


clear 


40/60 


clear 


30/70 


two phases 


20/80 


two phases 


10/90 


liquid crystal 


5/95 


liquid crystal 



The clear mixtures were examined with a microscope and micelles were observed. The liquid crystals were 
confirmed as such by observing the solutions in polarized light and noting the birefringence or lack thereof 
(solutions containing liquid crystals will display double reflectence, i.e., they will glow when exposed to 
polarized light). The two phase systems were mixtures of micellar solutions and liquid crystals. 

PART 2A 

Mixtures similar to those in part 1 were made except that propylene glycol was used in place of glycerol. The 
observations of the various mixtures are reported in Table 2. 



TABLE 2 

Wt. silane/wt , propylene glycol 



Observation 



5/95 


translucent 


10/90 


translucent 


20/80 


clear 


30/70 


clear 


40/60 


clear 


50/50 


clear 


60/40 


clear 


70/30 


clear 


80/20 


clear 


90/10 


translucent 



The results indicate that the silane/propylene glycol mixture forms clear pourable liquids at certain ratios. 
The translucent mixtures were still pourable, but were not as stable to freeze-thaw cycling as the clear liquids. 

Part 3A 

The method of Part 1 was repeated except that pentanol was used in place of glycerol. The results are 
reported in Table 3. 
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TABLE 3 



Wt . si lane/wt . pentano 1 
5/95 
10/90 
20/80 
30/70 
40/60 
50/50 
60/40 
70/30 
80/20 
90/10 
95/5 



Observation 
clear 
clear 
-clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 



All mixtures of the silane with pentanol produced miceilar solutions. 
Part 4A 

Part 1 was repeated except that ethylene glycol was used in place of glycerol. The results are reported in 
Table 4. 



TABLE 4 



Wt. silane/wt. ethylene glycol Observation 

5/95 clear 

10/90 clear 

20/80 clear 

30/70 clear 

40/60 clear 

50/50 clear 

60/40 clear 

70/30 clear 

80/20 clear 

90/10 clear 



The results demonstrate that a clear pourable miceilar liquid can be formed by mixing 3-(trimethoxysilyl) 
propyldimethyloctadecyl ammonium chloride with ethylene glycol. 

Part 5A 

Part 1 was repeated once again, this time with the commercially available surfactant Tergitol® 15-S-3, a 
polyoxyethylene glycol ether of linear alcohols sold by Union Carbide. The results are reported in Tabled. 
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TABLE 5 



Wt. si lane /vt. TergitoL® 15-S-3 Observation 

5/95 clear 

10/90 solid 

20/80 ^ solid 

30/70 solid 

40/60 clear 

50/50 clear 

60/40 clear 

70/30 clear 

80/20 clear 

90/10 clear 



The clear mixtures were observed to be micellar solutions. This shows that a high HLB factor surfactant 
which is a high molecular weight polymer can be used in combination with a silane surfactant as the emulsifier 25 
in clear micellar solutions. 

EXAMPLE 2 

This example illustrates the variety of silanes which can be used in conjunction with cosurfactants to form 
clear micellar solutions and clear liquid crystalline solutions. In order to determine whether the various 30 
mixtures made in the following examples were classic solutions, micellar solutions, liquid crystals or standard 
emulsions two techniques were used. 

Samples were examined with a microscope for the presence of micelles. Samples which contained micelles 
and which appeared clear to the eye were labelled microemulsions or micellar solutions. 

More viscous solutions were subjected to polarized light. If birefringence occurred in the sample, liquid 35 
crystals were present. These samples were also observed with a microscope in order to determine whether 
the mixture existed in one or multiple phases. 

Samples were also visually inspected. Cloudy or milky mixtures were determined to be standard emulsions 
(emulsions with particle sizes greater than 0.150 micron in diameter). 

Clear mixtures observed with a microscope to not have micelles present were subjected to elastic light 40 
scattering particle sizing techniques in order to determine if very small sized micelles were present. This 
procedure was carried out where regions of the phase diagram for a particular system indicated a liquid crystal 
region adjacent to a clear region which did not have microscope visible micelles. 

Part 1B 45 

Various weight ratio mixtures of N-(2-aminoethyl)-3-aminopropyltrimethoxysilane and propylene glycol were 
made and observed under a microscope. These mixtures were then serially diluted with water and observed. 
All of the mixtures and dilutions were clear. No micelles could be observed by light microscope. 

Part 2B 50 

Various weight ratio mixtures of 3-glycidoxypropyltrimethoxysilane and propylene glycol were made and 
observed with a microscope. The mixtures were then serially diluted and the dilutions were observed with a 
microscope in order to determine whether the solutions were micellar solutions or classfc solutions. All of the 
mixtures observed were standard emulsions with particle sizes greater than 0.150 micron in diameter. This Is 
an example of a silane surfactant combination which will not form a clear mixture within the scope of the 55 
present invention. 

Part 3B 

Various weight ratio mixtures of 3-(trimethoxysilyl)propyldidecy!methyl ammonium chloride and propylene 
glycol were made. The mixtures were observed using a microscope. Mixtures comprised of 3-(trimethoxysi- SO 
lyDpropyididecylmethyl ammonium chloride and propylene glycol were translucent micellar solutions. A 
mixture of 81 weight parts 3-(trimethoxysiiyl)propyldidecylrnethyl ammonium chloride, 9 weight parts 
propylene glycol and 10 weight parts water was a translucent micellar solution. 

65 
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Part 4B 

Trimethoxysilylpropyltriphenyl phosphonium iodide and propylene glycol were mixed in various weight 
ratios. These mixtures were then serially diluted with water and were inspected to see if they were micellar 
solutions or classic solutions. Micellar solutions were observed in both the mixture of the silane and propylene 
glycol and in the silane/propylene giycol/water mixture. Trimethxoysilylpropyltriphenyl phosphonium iodide 
can be used with a cosurfactant lo form a clear mixture which can be mixed with water to form a translucent 
micellar solution. 



Part 5B 

3-(trimethy!silyl)propyldimethyloctadecyl ammonium chloride and propylene glycol were mixed in various 
weight ratios ranging from 9 weight parts silane to 1 weight part propylene glycol to 1 weight part silane to 9 
weight parts propylene glycol. All these mixtures were clear. The observations of the various mixtures are 
recorded in Table 6. 



Table 6 

Weight ratio 

silane/propylene glycol Observation 

9/1 liquid crystal 

7/3 clear with liquid crystals 

5/5 clear, low viscosity 

3/7 clear, low viscosity 

1/9 

clear, low viscosity 



A light microscope did not indicate that any of the samples contained micelles or liquid crystals. However, 
the mixtures did form liquid crystalline solutions. Therefore, the 3-(trimethylsilyl)propyldimethyloctadecyi 
ammonium chloride/propylene glycol mixture is capable of forming clear micellar or liquid crystalline solutions 
within the scope of the present invention. 

Part 6B 

3-(trimethoxysilyl)propyltrimethyl ammonium chloride and propylene glycol were combined in various 
weight ratios. The various mixtures had different viscosities, but all samples were clear and contained micelles 
or liquid crystals. The observations of the various mixtures are summarized in Table 7. 



TABLE 7 



Weight Ratio 

Silane/Glvcol Observation 

9/1 viscous/amber and clear 

7/3 viscous/amber and clear 
5/5 less viscous/amber and clear 
3/7 clear 
1/9 clear 



Thus, the combination of 3-(trimethoxysilyl)propyltrimethyl ammonium chloride and propylene glycol form 
the clear micellar or liquid crystalline solutions of the present invention. 

Part 7B 

3-(trimethoxysilyl)propyldimethyIamine and propylene glycol were mixed in various weight ratios. All of the 
mixtures were clear. Microscopic observation revealed the samples contained liquid crystals and micelles. 
This composition is within the scope of the present invention. 
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EXAMPLE 3 

S oId h !frn X n a t T P t le "'T ^V^l the ^ miXtUres formed in Exam P |e 1 are easi| y dil ^d to form high and low 
omer materials r ^ ^ S ° IUti ° nS Whi ° h $tab ' e Whi ° h Can be f ° r ™ latad with 

Part 1C 

p J!Tw !5 ime * h °^ 1 i| y | )P r °Py |dimeth y'octadecyl ammonium chloride/propylene glycol mixtures of Example 1 
Part were serially diluted with water and mixed. The resulting solutions were observed with a microscope and 
in the presence of polarized light in order to determine whether the solutions contained micelles liquid 
crystals, or whether the solutions were present in two phases. The viscosity of the solutions was noted and 
based upon the three observations each serially diluted sample was described as either a micellar solution a 
classic solution, an emulsion, a liquid crystal phase, or a combination thereof. The results are summarizeS'ln 

Figure 1 demonstrates that the various weight ratio mixtures of 3-(trimethoxysily1)propyldimethyloctadecvl 
ammonium chloride and propylene glycol can be diluted with water to form clear stable micellar Sons with 

lZ 9 lr Cent Soi,ds J he } 0ta> W6i9ht ° f thS Silane and the P r °Py |ene This mixture can also be 

diluted wi h a minor portion of water to form the high solids content clear micellar solutions or high solids 
content clear liquid crystalline solutions. 9 

Part 2C 

A phase diagram for the system containing 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride 
glycerol and water was generated using the methods of Part 1C. The phase diagram is reproduced in Figure 2 
and shows that the mixtures of 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride and glycerol 
can be diluted with water to form low solids contents micellar solutions. The phase diagram also shows that 
the mixtures can be diluted with minor portions of water to form clear stable low solids content micellar 
solutions or liquid crystalline solutions. 

Part 3C 

.JU52^ ° f ^(^ethoxysilyljpropyldimethyloctadecyl ammonium chloride and a polyoxyethylene glycol 

I J SZ. t°H V I 3 " Terg ' t01 ^ 15 " S - 3 by Uni ° n Carbide Were made in various weight ratios and were 
senally diluted with water. The vanous samples were observed as in part 1 C and a phase diagram for the three 
component system was made, the results of which are reproduced in Figure 3. Figure 3 shows that mixtures of 
3-(tnmethoxysilyl)propyld.methyloctadecyl ammonium chloride and Tergitol® 15-S-3 can be diluted to form 
clear, stab e micellar solutions with 0 to 5 weight percent solids. The mixtures can also be diluted with minor 

SSS^^JSZ 1 and 25 wei9ht percent ' t0 form c,ear hi9h solids content micellar solutions or 

Part 4C 

Mixtures of 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride and pentanol in various weight 
ratios were made, serially diluted with water, and each aliquot was observed per the methods of Part 1C The 
phase diagram is reproduced in Figure 4 and shows that mixtures of 3-(trimethoxysilyl)propyldimethyloctade- 
cyl ammonium chlonde and pentanol can be diluted with water to form clear, stable micellar solutions with 0 to 
about o weight percent solids contents. The mixtures will also form high solids content micellar and liquid 
crystalline solutions. ^ 

Part 5C 

Mixtures of 3[2(vinylbenzylamino)ethylamino]propyltrimethoxysilane and propylene glycol of various weiqht 
ratios were made and serially diluted with water. The various aliquots were observed as in Part 1C. The results 

aSvinvl hJnlvli^l Tin"? m ' X ! UreS , C ° Uld ^ dNUted t0 f ° rm Clear ' St3ble miCellar S0 ^«°nS Of 

sj|;£ ny ^ a " d Propylene glycol with about 10 weight percent 

Part 6C 

Mixtures of methyltrimethoxysilane and propylene glycol were made in various weight ratios and serially 
d luted with water. The various aliquots were observed as per Part 1 C. The results demonstrated that mixtures 
of methyltrimethoxysilane and propylene glycol can be diluted with water to form stable, clear mlcelJar 
solutions with solids contents in the 0 to 10 weight percent range. These mixtures can also form high solids 
content micellar solutions or liquid crystalline solutions. 

Part 7C 

Mixtures of 3-(trimethoxysilyl)propyldidecylmethyl ammonium chloride and propylene glycol were made in 
vanous weight ratios and serially diluted with water. The various aliquots were observed as per Part 1C The 
results demonstrated that mixtures of 3-(trimethoxysilyl) propyldidecylmethyl ammonium chloride' and 
propylene glycol can be diluted with water to form stable, clear micellar solutions with solids contents in the 0 
to to weight percent range. 



11 



0 279 623 



Part 8C 

Mixtures of trimethoxysilylpropyitriphenyl phosphonium iodide and propylene glycol were made in various 
weight ratios and serially diluted with water. The various aliquots were observed as per Part 1C. The results 
demonstrated that mixtures of trimethoxysilylpropyitriphenyl phosphonium iodide and propylene glycol can be 
diluted with water to form stable, clear micellar solutions with solids contents in the 0 to 10 weight percent 
range. 

EXAMPLE 4 

This example illustrates the ability of the present invention to form oil-in-water microemulsions using hexane 
as the water immiscible liquid. Various weight ratio mixtures of propylene glycol and 3-(trimethoxysilyl)pro- 
pyldimethyloctadecyl ammonium chloride were made. These two component mixtures were serially diluted 
with water and the aliquots were observed by the methods of Example 3, Part 1C. To each of the resultant 
mixtures of propylene glycol, 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride and water, 
hexane was added in order to produce mixtures with 10 weight percent, 30 weight percent, 50 weight percent, 
70 weight percent and 90 weight percent hexane. Phase diagrams for these certain weight percentages of 
hexane mixtures were made and are reproduced in Figures 5, 6, 7, 8, and 9. The phase diagrams demonstrate 
that stable, clear oil-in-water and water-in-oil microemulsions can be made using 3-(trimethoxysilyl)propyldi- 
methyloctadecyl ammonium chloride and propylene glycol as the emuisifier. 

EXAMPLE 5 

This example demonstrates that microemulsions : ;!ized by 3-(trimethoxysilyl)propyldimethyloctadecyl 
ammonium chloride and ethylene glycol are effective delivery systems for durable antimicrobial surface 
treatments which are functionally equivalent and as effective as state of the art treatments. 

The state of the art treatment methods employ commercially available methanolic solutions of 
3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride or 3-(trimethoxysiIyi)propyldidecylmethyl 
ammonium chloride. These solutions are then diluted with water to 0.5 to 3 weight percent silane 
concentrations in which substrates are immersed in order to treat such substrates. 

Various levels of a mixture of 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride and ethylene 
glycol diluted with water to about 0 to 5 weight percent silane were applied to a variety of fabrics including 
polyester, cotton and nylon. Similar samples of the same fabric were treated with a methanol based solution of 
3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride diluted with water at the same silane 
concentrations. The surface level treatment as applied to the fabrics was the same in both cases. 

The antimicrobial and fungicidal properties of the treated fabrics were measured by accepted methods. For 
instance, the antimicrobial activity of the treated fabric was tested by a method based upon AATCC Test 
Method 100. The fungicidal activity of the treated fabric was tested by a method based on AATCC Test Method 
50. 

On all three types of fabric, the method employing the present invention was as effective in creating an 
antimicrobial surface as the state of the art treatment method employing methanol based solutions of 
3-(trimethoxysilyl)propyldimethyIoctadecyI ammonium chloride diluted with water. 

Figure 1 is the phase diagram for mixtures of 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium 
chloride, propylene glycol, and water. Regions labelled "A" denote mixtures that formed clear micellar 
sofutions. Regions labelled "B" denote regions where clear viscous solutions of liquid crystals formed. 
Regions labelled n C denote regions where standard, creamy emulsions formed. n D" labelled regions 
denote mixtures that separated into two components. 

Figure 2 is the phase diagram for mixtures of 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium 
chloride, glycerol, and water. Regions labelled 'A" denote mixtures that formed clear micellar solutions. 
Regions labelled "B n denote regions where clear viscous solutions of liquid crystals formed. Regions 
labelled a C denote regions where standard, creamy emulsions formed. "D n labelled regions denote 
mixtures that separated into two components. Regions labelled "E n denote mixtures which separated into 
three components. 

Figure 3 is the phase diagram for mixtures of 3-(trimethoxysiiyl)propyldimethyloctadecyl ammonium 
chloride a high molecular weight polyoxyethylene glycol ether of linear alcohols sold as Tergitol® 15-S-3 
by Union Carbide, and water. Regions labelled "A" denote mixtures that formed clear micellar solutions. 
Regions labelled n B n denote regions where clear viscous solutions of liquid crystals formed. Regions 
labelled n C n denote regions where standard creamy emulsions formed. "D" labelled regions denote 
mixtures that separated into two components. 

Figure 4 is the phase diagram for mixtures of 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium 
chloride, pentanol, and water. Regions labelled " A a denote mixtures that formed clear micellar solutions. 
Regions labelled n B n denote regions where clear viscous solutions of liquid crystals formed. Regions 
labelled X" denote regions where standard, creamy emulsions formed. "D" labelled regions denote 
mixtures that separated into two components. Regions labelled °E n separated into three components. 

Figure 5 is the phase diagram for mixtures of various weights of 3-(trimethoxysilyl)propyldimethyloc- 
tadecyl ammonium chloride, propylene glycol, and water with 10 weight percent of the immiscible liquid, 
hexane. Regions labelled "A n denote mixtures that formed clear micellar solutions. Regions labelled "B" 
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denote regions where clear viscous solutions of liquid crystals formed. Regions labelled "C" denote 
regions where standard, creamy emulsions formed. "D" labelled regions denote mixtures that separated 
into two components. 

Figure 6 is the phase diagram for mixtures of various weights of 3-(trimethoxysilyl)propyldimethyloc- 
tadecyl ammonium chloride, propylene glycol, and water with 30 weight percent of the water immiscible 
liquid, hexane. Figure 7 is the same mixtures with 50 weight percent hexane. 

Figure 8 is with 70 weight percent hexane and Figure 9 is with 90 weight percent hexane. Regions 
labelled "A" denote mixtures that formed clear micellar solutions. Regions labelled "B" denote regions 
where clear viscous solutions of liquid crystals formed. Regions labelled "C" denote regions where 
standard, creamy emulsions formed. B D n labelled regions denote mixtures that separated into two 
components. Regions labelled "E" separated into three components. 



Claims 

1. A clear composition which is a microemulsion, micellar solution, or a liquid crystal containing 
solution, the composition comprising: 

(a) a silane represented by the formulae 

i) X 4 -nSi(RNH a R'bY c )n 

where X denotes an aikoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alky! radical with 1 to 6 carbon atoms; 

Y denotes an acid anion ; 

n is 1,2 or 3: 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms; 

R' denotes alkyl radicals with 1 to 22 carbon atoms, saturated hydrocarbon radicals containing 
nitrogen, or unsaturated hydrocarbon radicals containing nitrogen ; 
ais0,1or2; 
bis 0,1,2, or3: 

c is 0 or 1; the sum of a 4- b is 2 or 3 and when the sum of a + b is 3, c is 1, otherwise c is 0* 

ii) X4-nSi(RPR" 3 Y)n 

where X denotes an aikoxy radicaJ with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radicaJ 
with 1 to 6 carbon atoms, R" denotes an alkyl radicaJ with 1 to 20 carbon atoms, or a phenyl radical, 
andnis1,2,or3;or 

iii) X 3 SiR'" 

Where X denotes an aikoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R'" denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical; and 

(b) a cosurfactant compound which has an HLB factor of at least 1 , and which combined with said 
silane forms a clear mixture at room temperature when mixed with water. 

2. The composition of claim 1 further comprising 

(c) sufficient water to form, when combined and thoroughly mixed with said silane and said 
cosurfactant, a clear mixture. 

3. The composition of claim 1 where the silane is chosen from the group consisting of 

(CH30)3Si(CH2)3N + (CH3)2Ci8H 37 C|-, 
(CH 3 0)3Si(CH2)3N + (CH 3 )2Ci8H37 Br', 
(CH 3 0)3Si(CH2)3N + (CioH2i)2CH 3 CI", 
(CH30) 3 Si(CH2)3N + (CioH2i)2CH 3 Br", and 
(CH 3 0)3Si(CH2) 3 N + (CH 3 )3Cr. 

4. The composition of claim 1 wherein said silane is chosen from the group consisting of 

(CH 3 0) 3 SiCH3, 
(CH 3 0) 3 SiCH2CH2CH 3 , 
(CH 3 0)3SiCH2CH2CH 2 CH2CH2CH3, and 
(CHsObSiCeHs. 

5. The composition of claim 1 wherein said silane is chosen from the group consisting of 

(CH 3 0)3S!CH2CH2CH2P + (C6H 5 )3C|-, 
(CH30)3SiCH 2 CH2CH2P + (C6H5)3Br-, 
(CH30)3SiCH2CH2CH2P + (CH3)3C|-,and 
(CH 3 0)3SiCH2CH2CH2P + (C6Hi 3 )3CI-. 

6. The composition of claim 1 wherein said silane is chosen form the group consisting of 
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(CH3)3Si(CH2)3N-(CH 3 )2Ci2H25C|-, 

(CH 3 )3Si(CH2)3N + (CioH2i)2CH 3 CI- 1 and 

(CH 3 )3Si(CH2)3N + (CH 3 )2Cl8H37Cr. 

7. The composition of claim 1 wherein said siiane is 

5 

(CH30)3Si(CH2)3NH(CH2) 2 NHCH2C6H 4 CHCH2»HCI. 

8. The composition of claim 1 wherein said siiane is chosen from the group consisting of 

(CH 3 0)3Si(CH2)3N(CH 3 )2, 
10 (CH 3 0)3Si(CH2) 3 N(CH2CH3)2, 

(CH 3 0)3Si(CH2)3N(CH2CH 2 CH3)2, 
(CH 3 0)3Si(CH 2 )4N(CH 3 )2. and 
(CH30)3SiCH2CH(CH 3 )CH2N(CH 3 )2. 

9. A clear, stable oil-in-water type micellar solution made by diluting the composition of claim 1 with 
15 sufficient water to form a clear oil-in-water type micellar solution. 

10. A clear, stable water-in-oil type micellar solution made by diluting the composition of claim 1 with 
sufficient water to form a clear water-in-oil type micellar solution. 

11. The clear mixture of claim 1 wherein the siiane is 3-(trimethoxysilyl)propyldimethyloctadecyl 
ammonium chloride (a) and the cosurfactant (b) is propylene glycol and (a) is present from 1 to 99 parts 

20 by weight, and (b) is present from 1 to 99 parts by weight. 

12. The clear mixture of claim 1 wherein the siiane is 3-(trimethoxysilyl)propyldimethyloctadecyl 
ammonium chloride (a) and the cosurfactant (b) is ethylene glycol and (a) is present from 1 to 99 parts by 
weight, and (b) is present from 1 to 99 parts by weight. 

13. The clear mixture of claim 1 wherein the siiane is 3-(trimethoxysilyl)propyldimethyloctadecyl 
25 ammonium chloride (a) and the cosurfactant (b) is glycerol and (a) is present from 1 to 99 parts by weight, 

and (b) is present from 1 to 99 parts by weight 

14. The clear mixture of claim 1 wherein the siiane is 3-(trimethoxysifyl)propyldimethyloctadecyI 
ammonium chloride (a) and the cosurfactant (b) is pentanol and (a) is present from 1 to 99 parts by 
weight, and (b) is present from 1 to 99 parts by weight. 

30 15. The clear mixture of claim 1 wherein the siiane is 3-(trimethoxysilyl)propyldimethyloctadecyl 

ammonium chloride (a) and the cosurfactant (b) is a polyoxyethylene glycol and (a) is present from 1 to 99 
parts by weight and (b) is present from 1 to 99 parts by weight. 

16. The clear mixture of claim 1 wherein the siiane is 3-(trimethoxysiIyi)propyldimethyloctadecyi 
ammonium chloride (a) and the cosurfactant (b) is decanol and (a) is present from 1 to 99 parts by weight, 

35 and (b) is present from 1 to 99 parts by weight. 

17. The clear mixture of claim 1 wherein the siiane is 3-(trimethoxysily!)propyldidecylmethyl ammonium 
chloride (a) and the cosurfactant (b) is propylene glycol and (a) is present from 1 to 99 parts by weight, 
and (b) is present from 1 to 99 parts by weight. 

18. The clear mixture of claim 1 wherein the siiane is 3-(trimethoxysilyl)propyldidecylmethyl ammonium 
40 chloride (a) and the cosurfactant (b) is ethylene glycol and (a) is present from 1 to 99 parts by weight, and 

(b) is present from 1 to 99 parts by weight. 

19. The clear mixture of claim 1 wherein the siiane is 3-(trimethoxysilyl)propyldidecylmethyl ammonium 
chloride (a) and the cosurfactant (b) is pentanol and (a) is present from 1 to 99 parts by weight, and (b) is 
present from 1 to 99 parts by weight. 

45 20. The clear mixture of claim 1 wherein the siiane is 3-(trimethoxysilyl)propyldidecylmethyl ammonium 

chloride (a) and the cosurfactant (b) is a polyoxyethylene glycol and (a) is present from 1 to 99 parts by 
weight, and (b) is present from 1 to 99 parts by weight. 

21. The clear mixture of claim 1 wherein the siiane is 3-(trimethoxysilyl)propy!didecylmethyl ammonium 
chloride (a) and the cosurfactant (b) is decanol and (a) is present from 1 to 99 parts by weight, and (b) is 

50 present from 1 to 99 parts by weight. 

22. A clear stable oil-in-water microemulsion comprising 

(a) a siiane represented by the formulae: 

i) X4-nSi(RNH a R' b Yc)n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an aikoxyalkoxy radical with 2 to 8 
55 carbon atoms, or an alkyl radical with 1 to 6 carbon atoms: 

Y denotes an acid anion; 
nis1,2or3: 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms : 

R' denotes alkyl radicals with 1 to 12 carbon atoms; saturated hydrocarbon radicals containing 
60 nitrogen, or unsaturated hydrocarbon radicals containing nitrogen : 

aisO, 1 or 2; 
bis 0, 1,2,or3; 

c is 0 or 1 ; the sum of a -f b is 2 or 3 and when the sum of a + b is 3, c is 1 , otherwise c is 0; 

ii) X 4 -nSi (R P R" 3 Y) n 

65 where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an aikoxyalkoxy radical with 2 to 8 
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carbon atoms, or an alkyi radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, 
and n is 1, 2, or 3: or 
Hi) X 3 SiR'" 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R™ denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical; 

(b) cosurfactant compound which has an HLB factor of at least 1 and which when combined with 
said silane forms a clear mixture at room temperature when mixed with water; 

(c) sufficient water to form a clear oil-in-water microemulsion with a mixture of (a) and (b), and a 
water immiscible oil; and 

(d) sufficient water immiscible oil to form a clear stable oii-in-water microemulsion when combined 
with (a), (b) and (c). 

23. A clear stable water-in-oil microemulsion comprising 

(a) a silane represented by the formulae: 

i) XA-nSKRNHaR'bYcln 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms ; 

Y denotes an acid anion ; 
n is 1,2 or 3; 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms; 

R" denotes alkyl radicals with 1 to 22 carbon atoms; saturated hydrocarbon radicals containing 
nitrogen, or unsaturated hydrocarbon radicals containing nitrogen; 
aisO, 1or2; 
bisO, 1,2, or3; 

c is 0 or 1 ; the sum of a + b is 2 or 3, and when the sum of a -b b is 3, c is 1 , otherwise c is 0; 

ii) X4-nSi(RPR" 3 Y)n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms, R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, 
and n is 1,2, or 3; or 

iii) X 3 SiR'" 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R'" denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical; 

(b) cosurfactant compound which has an HLB factor of at least 1 and which when combined with 
said silane forms a clear mixture at room temperature when mixed with water; 

(c) sufficient water to form a clear water-in-oil microemulsion with a mixture of (a) and (b), and a 
water immiscible oil, 

(d) sufficient water immiscible oil to form a clear stable water-in-oil microemulsion when combined 
with (a), (b)and (c). 

24. A clear stable liquid crystalline solution comprising 

(a) a silane represented by the formulae: 

i) XA-nSKRNHaR'bYcJn 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms; 

Y denotes an acid anion; 
nis 1,2or3; 

R denotes a divalent hydrocarbon radical with 1 to 6 carbon atoms; 

R' denotes alkyl radicals with 1 to 22 carbon atoms; saturated hydrocarbon radicals containing 
nitrogen, or unsaturated hydrocarbon radicals containing nitrogen; 
aisO, 1or2; 
bis 0,1, 2, or 3; 

c is 0 or 1; the sum of a -f b is 2 or 3, and when the sum of a -f b is 3, c is 1, otherwise c Is 0- 

ii) X 4 -nSi(RPR" 3 Y) n 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms, R denotes a divalent hydrocarbon radical 
with 1 to 6 carbon atoms. R" denotes an alkyl radical with 1 to 20 carbon atoms, or a phenyl radical, 
and n is 1, 2, or 3; or 

iii) X 3 SiR"' 

where X denotes an alkoxy radical with 1 to 6 carbon atoms, or an alkoxyalkoxy radical with 2 to 8 
carbon atoms, or an alkyl radical with 1 to 6 carbon atoms and R'" denotes an alkyl radical with 1 to 6 
carbon atoms or a phenyl radical; 

(b) cosurfactant compound which has an HLB factor of at least 1 and which when combined with 
said silane forms a clear liquid crystalline solution at room temperature when mixed with water; 

(c) sufficient water to form a clear liquid crystalline solution with a mixture of (a) and (b). 
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@ Silanemicroemulsions. 

radical with 1 to 6 carbon atoms, R" denotes an 
aikyl radical with 1 to 20 carbon atoms, or a 
phenyl radical, and n is 1 , 2, or 3; or 
iii) X 3 SiR'" 

where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyalkoxy radical with 2 
to 8 carbon atoms, or an aikyl radical with 1 to 6 
carbon atoms and R'" denotes an aikyl radical 
with 1 to 6 carbon atoms or a phenyl radical; and 
(b) a cosurfactant with an HLB of at least 1 . 
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(g) Clear stable micellar solutions comprising : 
(a) a silane represented by the formulae: 

i) X4-nSi(RNH a R' b Yc)n 
where X denotes an alkoxy radical with 1 to 6 
carbon atoms, or an alkoxyalkoxy radical with 2 
to 8 carbon atoms, or an aikyl radical with 1 to 6 
carbon atoms; 

Y denotes an acid anion; 
n is 1,2 or 3; 

M R denotes a divalent hydrocarbon radical 

< % ' with 1 to 6 carbon atoms; 

R' denotes aikyl radicals with 1 to 22 carbon 
„ atoms; saturated hydrocarbon radicals contain- 

^ ing nitrogen, or unsaturated hydrocarbon radi- 

cals containing nitrogen; 
aisO, 1 or 2; 
O bis0,1,2,or3; 

c is 0 or 1 ; the sum of a + b is 2 or 3 and when 
CM the sum of a and b is 3, c is 1 , otherwise c is 0: 

ii) X4-nSi(RPR" 3 Y) n 

^ where X denotes an alkoxy radical with 1 to 6 

q carbon atoms, or an alkoxyalkoxy radical with 2 

IH to 8 carbon atoms, or an aikyl radical with 1 to 6 

™ carbon atoms, R denotes a divalent hydrocarbon 
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